Abstract: An experimental study on the flow characteristics under various laminar coflow diffusion flames was conducted with a particular focus on the buoyancy force exerted from gaseous hydrocarbon fuels. Methane (CH 4 ), ethylene (C 2 H 4 ), and n-butane (C 4 H 10 ) were used as the fuels. A coflow burner and the Schlieren imaging technique were used to observe the flow field of each fuel near the nozzle exit as well as the flow characteristics in the flames. The results show that a vortex with a density heavier than air appeared in n-butane near the nozzle exit with a strong negative buoyancy on the fuel steam. As the Reynolds number increased through the control of the fuel velocity of the n-butane flame, the vortices were greater and the vortex tips were moved up from the nozzle exit. In addition, the heated nozzle affected the flow fields of the fuel steam near the nozzle exit.
Introduction
Toxic emissions are responsible for the severe problems A bright light source is directed toward the mirror, and the refracted light passes through the first plano-convex lens and the test region. The parallel rays pass through the second plano-convex lens, an absorptive neutral density filter, and a band-pass filter, and then through the light toward the camera. For this experiment, one more case was derived, i.e., a reacting flow and heated nozzle using a methane, ethylene, and n-butane flame, as shown in Figure 3 . The reacting flow and heated nozzle with an n-butane flame showed that the recirculation zone was greater than for the reacting flow and cold nozzle owing to an increased fuel velocity by reacting with the heated nozzle. The nozzle temperature was 156 °C as measured at 10 mm below the nozzle exit with n-butane as the fuel.
Experimental setup

Results and discussion
Flame structure
For the methane and ethylene flames, the fuel steam rapidly moved axially upward toward the centerline owing to the buoyancy and the densities of these fuels being lighter than air. Near the nozzle exit, the fuels steam did not move within the pocket zone. Therefore, methane and ethylene flames did not appear in the recirculation zone near the nozzle exit. The Reynolds number is defined as
where D represents the internal tube diameter, V represents the velocity, ρ represents the density, υ represents the kinematic viscosity, and µ represents the dynamic viscosity.
In Equation ( 
